
LESSON 8: Why did my phone break?

PREVIOUS LESSON We considered what it means for solid matter to “push back.” We used springs and clay as a physical model for how solid matter can push back. This left us
wondering if we could use this model for matter to explain what is happening during a collision.

THIS LESSON 
 

PUTTING PIECES TOGETHER 
 

3 days 
 

We consider three outcomes to a scenario when a phone is accidentally thrown into a TV: the phone and
TV break, only the phone breaks, or only the TV breaks. We develop a Gotta-Have-It Checklist of ideas and
use those ideas with evidence from the first seven lessons to explain the possible outcomes.

NEXT LESSON We will plan and conduct two investigations using graham crackers and carts to reveal potential cause and effect relationships between speed, mass, and
damage. We will determine that we need a more consistent way to control for speed.

BUILDING TOWARD NGSS 
 

MS-PS2-1, MS-PS2-2 
 

WHAT STUDENTS WILL DO 
 
Apply scientific ideas and evidence to explain that the forces colliding objects exert on one another will sometimes cause a change in motion
and sometimes result in permanent damage to the object (permanent denting or breaking). Whether the collision is associated with change in
motion or damage to one or both objects (phenomenon) depends on many causes, including the size of the force of interaction (equal on
each object), the thickness of the material, and the type of material.
 
WHAT STUDENTS WILL FIGURE OUT 
 
Collisions can result in damage to neither, one, or both objects. Whether damage occurs depends on many causes, including the size of the
force of interaction (opposite in direction and equal in strength on both objects), the type of material of the objects, and the thickness of that
material.

Whether damage occurs must depend on more than just the strength of the forces of the interaction, because
both objects always experience the same size force in a given collision (but in opposite directions), and
sometimes only one of the objects in the collision breaks.



Lesson 8 • Learning Plan Snapshot
Part Duration Summary Slide Materials

1 5 min NAVIGATION
Remind students of situations when things break or don’t break. Share the assessment scenario and
possible collision outcomes students will explain using the ideas developed so far in the unit.

A-D

2 20 min DEVELOP A GOTTA-HAVE-IT CHECKLIST
Demonstrate looking back to previous activities and Progress Tracker entries to identify ideas needed to
explain what happened to the phone and TV. Develop the Gotta-Have-It Checklist.

idea tracker, Gotta-Have-It Checklist, chart
paper, markers,

3 25 min CONSENSUS DISCUSSION ABOUT GOTTA-HAVE-IT CHECKLIST (OPTIONAL)
Engage in a Consensus Discussion about key ideas for the checklist.

draft checklists written on chart paper, space
for a Scientists Circle,

4 15 min DEVELOPING EXPLANATIONS
Explain how it is possible for both the phone and the TV to break in a collision.

Gotta-Have-It Checklist,

5 5 min NAVIGATION
Describe how ideas and evidence support explanations. Good explanations take account of all of the
ideas and evidence.

D

End of day 1

6 5 min NAVIGATION
Motivate the need for a Consensus Discussion.

Gotta-Have-It Checklist,

7 25 min CONSENSUS DISCUSSION ABOUT OUTCOME 1
Explain how both the TV and the phone could break in a collision. Use a consensus process to develop
an explanation that relies on key science ideas and evidence from prior activities.

Gotta-Have-It Checklist, space for a Scientists
Circle,

8 13 min PREPARE FOR ASSESSMENT
Select appropriate breaking scenarios for students to explain in their assessments.

E Lesson 8 Assessment, charts with examples of
surprising breaking and non-breaking
collisions,

9 4 min NAVIGATION
Prepare students for the next lesson by considering how they might make sure that something will break
during a collision.

End of day 2



Lesson 8 • Materials List
per student per group per class

Lesson materials science notebook
idea tracker
Gotta-Have-It Checklist
Lesson 8 Assessment

chart paper
markers
draft checklists written on chart paper

space for a Scientists Circle
charts with examples of surprising breaking and non-breaking collisions

Materials preparation (20 minutes)
Review teacher guide, slides, and teacher references or keys (if applicable). 

Make copies of handouts and ensure sufficient copies of student references, readings, and procedures are available. 



Lesson 8 • Where We Are Going and NOT Going

Where We Are Going

Students should be able to apply the ideas they have learned to explain breakage during a collision.

Where We Are NOT Going

Because this is a Putting the Pieces Together lesson, students should not be developing new ideas.



5 min

20 min

LEARNING PLAN for LESSON 8
1 · NAVIGATION
MATERIALS: science notebook

Recall breaking vs. non-breaking situations. Say, We started this unit by thinking about many situations where things either break or don’t
break. Let’s look back at our charts from the first lesson. What were some situations where we saw things break? What were some situations where
we saw things that didn’t break? Accept all answers.

Say, Since then, we’ve learned many ideas to help us explain what is happening when things either break or don’t break. Today, we are going to review
the ideas we’ve learned and apply them to explain one or two possible outcomes to a terrible collision.

Project slide A.

Describe the task. Tell students that they will be applying the ideas they have learned along with evidence they have seen to explain one
or more outcomes to the scenario described on slide A.
Project slide B to show students the different possible outcomes. As a class, they will start with Outcome 1 (both the phone and the TV
break). Once students explain Outcome 1, they will use a similar process to explain either Outcome 2 or 3, in which only one object
breaks, or an outcome from an alternate collision of their choice.

Distribute Gotta-Have-It Checklist. Ask students to write Outcomes 1-3 on their Gotta-Have-It Checklist.

Project slide C. Say, In order to explain these outcomes, we should probably think back to all the things we learned so far and develop a list of all the
ideas we want to include. We’ll start by focusing on a question for the first outcome.

2 · DEVELOP A GOTTA-HAVE-IT CHECKLIST
MATERIALS: science notebook, idea tracker, Gotta-Have-It Checklist, chart paper, markers

Demonstrate selecting ideas for checklist. Tell students that they will be looking back on the ideas they learned and selecting the ideas
they think they need to answer the questions. Ask students to look through their Progress Trackers from Lessons 1-7 to identify the ideas
they think are important to explain the outcomes.

Suggested prompt Sample student response

Can someone nominate an idea in Lessons 1-4 that you think we need
to answer the two questions?

I think we need the idea that when you push on something, it bends.

Let’s write that next to #1 on our Gotta-Have-It Checklists: pushing on
something makes it bend. Thanks, and where did we first see that
idea?

We saw that in Lesson 2, but we also saw that it was true for really
hard things in Lesson 3.

Who wants to nominate another idea you think is important for
answering our questions?

I think we need the idea from Lesson 4 that the harder you push on
something, the more it changes shape.

Great. And we had a fancy word for “changing shape.” What was it? Deform.



25 min

Suggested prompt Sample student response

Great. Now let’s write that idea in our checklist next to #2: the harder
we push on something, the more it deforms. Good. Who can explain
what happens if you keep pushing on something more and more?

If you push on something more and more, it deforms more and more
until it gets to its elastic limit. If you push harder than that, it won’t
bounce back. It will either be dented or broken.

Say, Can we add that idea to #3? If you push something past its elastic limit, it won’t bounce back. Instead it will be permanently dented or broken.

Complete a first draft of the checklist in small groups. Ask students to work in small groups to complete the checklist. When they are
done, they should write their ideas on chart paper to share with other groups.

Participate in a Gallery Walk. Distribute sticky notes to student groups. Ask them to move from poster to poster. They can add an idea to
another group’s poster, or they can write down an idea they would like to add to their own poster.

3 · CONSENSUS DISCUSSION ABOUT GOTTA-HAVE-IT CHECKLIST (OPTIONAL)
MATERIALS: science notebook, draft checklists written on chart paper, space for a Scientists Circle

Engage in a Consensus Discussion about key ideas for the checklist. At end of the Gallery Walk, check that students have the following
ideas. If students don’t have all of these ideas, engage in a Consensus Discussion to make sure that all students are working from the
same list. Ask students from one group who have an idea written down that others are missing to explain why they listed that idea.

KEY IDEAS Purpose of this discussion:
Ensure that students have all key ideas on their Gotta-Have-It Checklist and have a common understanding
of those ideas.

Look for:
1. Objects change shape during collisions (even hard things).
2. The harder you push on something, the more it changes shape (deforms).
3. The thicker the object, the less it tends to deform.
4. Different types of material deform differently.
5. When the force applied is small enough, the object returns to its original shape.
6. When a force exceeds an object’s elastic limit, then the object will be permanently deformed or

broken.
7. We know that when we have situation B (when the “other object” hits the fragile object) that there

is a force on the fragile object. But when the fragile object is moving (situation A) and it hits a
stationary “other object,” there is a force on the fragile object, too. That’s because forces come in
pairs. Whenever one object pushes on another, the other pushes back with an equal and opposite
force. This is always true, even when

the masses are different,
the speeds are different, and
the materials are different.

8. We can draw a diagram representing forces on the objects in a collision.



15 min

5 min

5 min

4 · DEVELOPING EXPLANATIONS
MATERIALS: Gotta-Have-It Checklist, science notebook

Explain breakage in the collision. Instruct students to work in groups to explain Outcome 1 and answer the question, “How could the
phone and the TV break in the collision?” Students should support their explanations with evidence from activities they have done in
the first 7 lessons. Each time students use an idea from their Gotta-Have-It Checklist, they should write the number of that idea in
parentheses at the end of the sentence and check off the idea on their checklist. If students need extra guidance, you might ask them to
consider questions such as these:

What are the forces acting on the objects?
Did only one object experience a force, or did both objects experience a force?
Did one object experience a bigger force than the other object? How do you know?
Does either object change its shape in the collision? How do you know?
Do you think either object exceeded its elastic limit? What does that mean and how do you know?
Can you sketch a picture that shows the forces acting on each object in the collision?

5 · NAVIGATION
MATERIALS: None

Remind students of where we are and where we are going. Ask students to consider that they each have a explanation for how both the
phone and TV could break during a collision. Project slide D. Indicate that although students based their explanations on the same set of
ideas, their explanations may be slightly different from one group to the next. For example, one group might have left out one idea, or
another group might have left out some piece of evidence. Let students know that as a class, they will be developing a consensus
explanation at the start of the next class period for how both the phone and TV could break, using their draft explanations as a starting
place.

End of day 1

6 · NAVIGATION
MATERIALS: Gotta-Have-It Checklist, science notebook

Share an explanation. Ask one group to read their explanation for how it is possible for both the phone and TV to break in a collision.
Then ask the class to raise their hands if they had anything different at all from the first group (students will almost certainly raise their
hands).

Describe the importance of consensus. Say, Scientists working in groups like our class often have to come to agreement on their explanations
before they can publish their results. It’s OK for scientists to disagree with each other, but sometimes we need to build consensus around an
explanation for a phenomenon. That’s what we are going to do today. We are going to have a Consensus Discussion so we can all agree on how to
explain how both the phone and the TV could break in the collision.



25 min7 · CONSENSUS DISCUSSION ABOUT OUTCOME 1
MATERIALS: Gotta-Have-It Checklist, science notebook, space for a Scientists Circle

Gather students in a Scientists Circle. Bring students together in a circle around a whiteboard or chart paper so you can build a consensus
explanation of how the phone and TV can both break in the collision.✱ Ask students to bring their science notebooks with their group’s
explanation and their Gotta-Have-It Checklist.

Tell students that they will begin by considering the forces on the phone and TV. You may want to create a chart on the board with
“Things we know” and “Evidence we have” listed at the top.

Suggested prompt Sample student response

Who can name a force during the collision between the TV and
phone?

There is the force of the phone on the TV.

And what evidence do you have that there was a force on the TV? The TV broke.

And what if the TV hadn’t broken? Would there still have been a force
on the TV?

Yes.

How do you know? We saw in that lab with the coffee stirrers and push-pull spring scales
that any time you push on something, even a little bit, you put a force
on it.

Were there any other forces involved in this collision? Yes, the force of the TV on the phone.

Great. And how do you know that force has to be there? We learned that forces come in pairs. If the phone pushes on the TV,
then the TV is automatically pushing on the phone, too.

And do you have evidence for that? Yeah, we did those labs where we had two things pushing on each
other. We saw the two metal rings push each other, and we saw the
spring scales push each other.

Which force was bigger? The force of the phone on the TV was exactly the same size as the
force of the TV on the phone.

How do you know that? We did a lot of tests of collisions with different speeds and different
mass and different materials. Every time, the two forces were always
the same.

Write the first part of the explanation. Ask students to volunteer putting together what they know and the evidence they have
into a few sentences about the forces during the collision. Write what the student says on the board, and then ask other students

to volunteer changes or additions. As you write ideas that correspond with ideas on the Gotta-Have-It Checklist, write the number of
that idea in parentheses after the sentence and check that idea off on the checklist. Students may wish to add a second check on their
own sheets as they follow along, but they should save the second column of checkboxes for their assessment.

✱✱ STRATEGIES FOR THIS
CONSENSUS DISCUSSION
 
Purpose of this discussion:
Develop a consensus explanation for how
both the phone and the TV can break in a
collision. It’s a chance to find out if students
have a common understanding before the
assessment and, if not, review key ideas in
advance of the assessment.

Look for:
Encourage students to share alternative
perspectives or explanations, offer
evidence for their ideas, and engage in
constructive argumentation toward a
consensus explanation. This will allow you
to find out if students are ready for the
assessment. See the assessment callout
below for ideas about how to support
students if they need additional help with
key ideas.
 
✱✱ SUPPORTING STUDENTS IN
THREE-DIMENSIONAL LEARNING
 
In this discussion, students bring together
all three dimensions of the NGSS. They use
evidence they have gathered about the
relative strength of forces in collision to
explain how objects sometimes break
while considering how many factors come
into play in determining whether
something breaks or not. The size of the
force is only one factor; the thickness of the
material of the objects and the type of
material are two additional factors that are
important.



Say, We’ve got a good description of the forces, but a picture to represent these ideas would be useful.

Suggested prompt Sample student response

Can we represent these forces in some way? Yeah, we can draw a picture using arrows as forces. And the longer the
arrow, the bigger the force.

Would someone like to draw for me? Student draws objects with arrows.

Would anyone like to add on to the drawing? Students may modify with color, relocate forces, or change length of
arrows.

ADDITIONAL
GUIDANCE

Here is a sample table that might emerge from the class discussion about forces:
Things we know Evidence we have

There is a force from the
phone on the TV.

The TV broke.

Even if the TV hadn’t
broken, there would be a
force on the TV.

We saw in the coffee stirrer lab (Lesson 3) and the slow-motion
video with the golf ball that everything bends if you push on it.

There is a force from the
TV on the phone.

We saw in Lesson 5 and Lesson 6 that when two things collide,
they push on each other (springs push on springs, hoops push
on hoops).

The force from the TV on
the phone is the same
strength as the force from
the phone on the TV.

We measured the force objects exert on each other in three
situations: different masses, different speeds, and different
materials. Every time, we saw that the strength of the force of
the first object on the second was exactly equal to the strength
of the second object on the first. We think it must always be
true, so it is true for the phone and the TV.



ASSESSMENT
OPPORTUNITY

An ideal answer will include that both objects experienced a force and that the force on each object was
exactly the same strength. Students should cite evidence from Lessons 2, 3, 4, and 5. If students have
difficulty with these ideas or with identifying evidence, ask students to turn to their notebook pages from
Lessons 2, 3, 4, and 5. You may need to remind them of the activities and what the data mean. You may
even bring out two push-pull spring scales, carts, or other lab materials and demonstrate the ideas to
students once again. Students draw force diagrams in Lessons 5 and 6. You may need to remind them of
the conventions in the force diagram (draw arrows on the object that feels the force, use two colors, draw
the length of the arrow proportional to the size of the force and in the direction of the force).

Describe breaking, elastic limit, and how they are related. Engage students in a discussion about breaking, elastic limit, and evidence that
both the TV and phone exceeded their elastic limits.

Suggested prompt Sample student response

Who can tell me why the TV and the phone might break? They would both break if the force on them was bigger than their
elastic limits.

And what do you mean by elastic limit? It’s how much it can stretch or bend and still bounce back. The more
you push, the more it stretches or bends, but only up to a point. If you
keep pushing, it doesn’t stretch any more. It just breaks. That point
where it breaks is called the elastic limit.

Do the TV and the phone have the same elastic limit? Maybe, but maybe not. It depends on lots of things like the type of
glass and the thickness. All we know is that whatever force there was
on the phone and TV would need to be bigger than both of their
elastic limits if they both break.

What’s your evidence for that? We saw in the lab with the coffee stirrers that if you had a thicker
material, it might be harder to break, and it also bent less when you
pushed on it. And we saw that some things (like a graham cracker)
took less force to break than others (like a rice noodle).

So do you think there could be a collision between the phone and TV
where maybe one or both didn’t break?

Yeah. Something like breaking depends on a lot of different causes. It
could be how big the force is, it could be how thin the material is, and
it could be what the material (phone or TV surface) is made from.



ADDITIONAL
GUIDANCE

Here is a sample table that might emerge from the discussion about elastic limit and breaking:
Things we know Evidence we have

Things break when the
force on them is bigger
than their elastic limit.

We saw in the lab with the coffee stirrers that if you push on
something hard enough, it bends more and more and
eventually breaks. That point when it breaks is the elastic limit.

Elastic limit means things
bend and go back to their
original shape up to a
point.

In the lab with the coffee stirrers, we saw objects bend and go
back to their original shape as long as we didn’t push too hard.

The TV and phone both
exceeded their elastic limit.

Both broke, which means neither went back to their original
shape. So the force was bigger than both of their elastic limits.

The TV and the phone
might have different elastic
limits.

We saw in the lab with the coffee stirrers that when the material
is thicker or if you have a different material, you can affect how
hard you can push before it breaks. All we know is that the force
is bigger than the elastic limits for both the phone and TV.

We predict that there could
be a collision in which only
the TV or only the phone
would break.

If the force was bigger than the elastic limit for the TV but
smaller than the elastic limit for the phone, then the TV might
break but the phone wouldn’t. We could see this when we had
the golf ball collide with the CD case. The force could be big
enough to crack the CD case but not big enough to crack the golf
ball.

Complete the second part of the explanation. Ask a student to volunteer a sentence or two that integrates the ideas and provides
evidence to further explain how both the TV and phone might break during a collision. Once you have the first draft written

down, ask other students to suggest edits. Push students to clarify that there can be multiple causes when considering whether a delicate
object breaks and that the size of the force is only one piece of the explanation.✱



13 min

ASSESSMENT
OPPORTUNITY

The complete explanation should include the idea that larger forces can deform objects more, and that if
objects deform past their elastic limit, they can break. It should also include the idea that there can be
multiple causes for a given phenomenon. In this case, the phenomenon is the breaking of two objects in a
collision and that breakage can result from the size of the forces during the collision, the thickness of the
material, and the type of material. If students struggle with these ideas, be sure to remind them of activities
in Lessons 2, 3, and 4. You may even demonstrate once again how the coffee stirrers bend more under
increasing force and eventually break.

8 · PREPARE FOR ASSESSMENT
MATERIALS: science notebook, Lesson 8 Assessment, charts with examples of surprising breaking and non-breaking collisions

Distribute the assessment. Tell students that on their take-home assessment, they get to choose what they want to explain. Then
project slide E. Students can explain Outcome 2, Outcome 3, or an outcome from an alternate scenario of their choice.✱

Display charts of breaking/not breaking from Lesson 1. To help students identify an alternate scenario to explain, show students the
charts developed in Lesson 1 when they shared surprising examples of things breaking and surprising examples of things not breaking.
Ask students to write their collision scenario as the answer to the first question on their assessment. You may wish to move around the
room to make sure every student has a scenario written down and that the scenario is appropriate for the assessment. Look for
collisions in which two different objects collide. Scenarios in which neither, one, or both of the objects break in the collision are
acceptable. The objects can vary in the type of material, their mass, and their speed before the collision. If a student can’t come up with
something to explain, the student may explain the situation in which the TV and phone collide but only the TV breaks or only the phone
breaks.

Form a question. Once students have a collision scenario they want to explain, ask them to write a question about that scenario. The
question should be framed like the example question: “How could both the TV and phone break during the collision?” The questions for
Outcomes 2 and 3 are on the slide, but if students have identified their own scenario, they will need to write their own question. Move
around the room and make sure students’ questions are framed appropriately.

ALTERNATE
ACTIVITY

It is relatively easy to adjust the difficulty level of the assessment. If students select a scenario in which both
objects break, they will be most closely matching the example in class. On the other hand, if a student
selects their own scenario in which only one object breaks, they will need to describe the scenario, frame
their own question, and apply the ideas in a different context, all of which make the assessment somewhat
more difficult.

Tell students that they should complete the assessment as homework.

ASSESSMENT
OPPORTUNITY

Use this opportunity to determine if students include all ideas.

✱✱ ATTENDING TO EQUITY
 
By allowing students to choose a scenario
to explain in the assessment, you will
maximize student interest in the task and
promote equity.



4 min9 · NAVIGATION
MATERIALS: None

Problematize the next lesson set. Say, We know that some things break with a small force and other things need a bigger force to break (because
of their higher elastic limit). Let’s say we wanted to try to break something.

Project slide F. Have students turn and talk about the following question on the slide: “Have you ever tried to break something on
purpose but weren’t able to break it? What happened? What did you try to do to break it?” Select a few students to share their ideas with
the class.

Suggested prompt Sample student response

Have you ever tried to break something on purpose but weren’t able to
break it? What happened? What did you try to do to break it?

Yeah! One time, I was trying to break a board in my martial arts class
and I couldn’t do it. I was using my hand, but it wasn’t working.

I tried to break a tree limb one time, but it didn’t work. I tried pulling on
it and then I tried jumping on it, and it seemed to move more, but still
didn’t break.

One time, my friends and I were trying to crack this thick glass wall.
First, we all tried leaning on it, and when that didn’t work, we tried
running at it and putting our shoulders into it, but it still didn’t break.

Say, What if we knew how to make the biggest force possible to cause damage? Keep thinking about what things you tried to do to break something,
and we’ll investigate this in Lesson 9.


